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RECOVERY OF HELICOPTERS IN POOR VISIBILITY  Distribution/ g
Nufvpi]ah1111v Codes

dvall uud;or ''''''
G, Hurrizon Spocial

Bagkground | ? A ??3

Much thought and activity has alrsady been devoted over the years to
the needs of conventional fixed-wing aireraft and, as a consequence, the
poor vigibility landing systems requirements have been fairly sscurately
established., Although the more recent debates linked to the ICAO
microwave landing system (MLS) have endeavoured to encompass VSTOL
airoraft and helicopter operations, these aspects have been somewhat
more speculative becauss *hers has boen lesa practical sxperience of
then in poor visikility.

Dict

It aay be useful, therefore, %o recall the essential 4differences

cetween nelicopter and conventional fixed-wing airoralt oper;tionn

which affact consideration of 4he recovery grsians., In ihe oase of
fixed-wing operations %o runways, ascurate flighipath aligmment wi<h ,ha
sanwdy oM and the need o constrain she soushdown ravte of descent an
-ongitudinel scaivier at constant ani relatively aigh apprcach s:ocd,
winked %0 the need <o limis the effects of guidance sysien noise on
automatic flight conszrol systems and on control surface movemenss,

leads %o the now familiar azimuth and elevation mngular guidance
scourscy specifications for ILS and MLS. Thess reflect :he need for E:
nigh angular acoursey, stability and low guidance noise., The provision 4
? range information, unless needed to compute flare-out guidance, is nos
particularly critical: its use is shen primarily for monitoring distance- ‘
0=-g0, for control law optimisation, or for indicating decision heights on
glidepaths where radio altinmeter informetion suffers <errain profile
erTors, Helicopter operations to small resiricted landing arsas, on she

othexr hand, are not critical in respect of precise approach direction or
glidepath, but do need accurate deceleration guidance and, because of low

speed handling problems when flying on instruments, need especially low
pilot workload guidance displays. The latter require low guidance

system noise, similar to that reguired for fixed-wing operations.

Ihe overational requirements

The probable UK user applications for helisopter recovery aids in the
foresesable future include Naval operstions from ships, Aray and Air
Torce field support, civil off-shore support cperations snd shuttle
flights in support of civil Category II mand III fixed orerations. lost
sther nelicopter flights over land can be zade in ressonadle vigidilisy
and in risual contact with the ground. Operstions to runways should
present no undue provlems whern ILS is available, providing that the
visual lighting aids are suitable., Restricted sites are often thought
of a3 posing the need for steep approach sngles dut i% is found that, in
nost situations, approsch angles up to 5% will suffice, altiough cxceg-
tionally there mey be sites which need an approach angle up %o 15 v The
zost stringent requirement on guidance arises when, as in the Naval case,

Py Y el s YRS SR A by Y

3. Earrison is at the Royal Aireraft Establishment at Bedford.
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a small landing ares is co-located with obstructions and, additionally, ship f

f motion and manoeuvre have to be accommodated. f
3 S
& The cost-benefit of achieving particular operstional weather minima in s

I | relation to weather statistics needs very careful assessment. For operations J
i which are not critical in respect of timing, or diversions are available, annual
percentage weather coccurrence is relevant. For critical operations, howaver,
the likely duration of individual occurrences is the more relevant aspect; when
transitions <o the very low visibilities occur, the low visibility tends to
porsist, and aence & low percentage ccocurrence can nean a few cccagions but
B each being of long duration. Transitional visidbilities tend to reduce to 50 to ]
E 100 m,0r clear to 300 to 400 m relatively quickly in general. The implication !
B of this is that, to be coat effective, low visibility aids should be geared to E
i s deteorological visibility of either about 300 m or 50 m, breadly speaking.
"X Typically; visibility is less than 300 m for about 300 hours/year in the UK.

The Problems S " i

.8 voome
Ex

The problems whioh helicopter recovery presents in these low visibilities
fall into a number of areas.

If it is essential %o fly steer glidepaths, “hen there is <he ianger of ;
encountering vortex ring provlems if the rata of descent is too aigh; if, as » -
conssquence, <he rate of descent is kept lLow, then forward speed nust also te >
low, thereby increasing “ae low-speed nandling provlems. This latser is a :
demanding pilating ftask waen flying on ilnsvrumenss velow the minimum power speed, r
aspecially Lln srosswind sondisions, AY night and in poor wvislcilisy 1% is ?
diffieuls rigually %o judge range and daceleraiion waen She angalar axient of 5
B ' forward -rizual cues Ls smali.  The Javal environment provably presents the zost I

; severe challenge in respecs of 4ie ilmized extent of visual cues, ard of 2MC, 41
A vidravion, sals spray, icing and radio sigmal mulsizasn interference from siaip g
g | structure and sea surface. Ship freedom to zanceuvrs, ship motion in high ses [
. states,and nigh wind conditions make wide azimuithal approach guidance coverage 1
essential, IZleotronic guidance compensation can ve employed for ship heading 2
ohanges 2u%, bYecause of gea multipath effects, ship roll stabilisation of -
azimutsh guidance on small ships will probadly need <o te effected phrysically <o i
avoid undue tilting of the ship antenna aperture relative to the sea and corn- I
sequent excessive signal amplitude and phase distor<ion across the antenns 3
aperture, Sea surface refleoticns in typical norta Atlantic sea conditions
1 will cause signal fades of 10 d3 or more at the shallow angles corresponding 4o

N low=level helicopter approach paths. Tae need to recover helicopters in fog
\f { or heavy rainfsll limits the electromagretioc frequency spectrum practically

y i available to below about 20 OHz. If the approach is flown manually, then pilot

i . workload will be high during the instrument deceleration unless the cockpit

e e ez e, " T S F PRI IR TR 1T
-

. display cf guidance and attitude is reasonabdbly noise-free and is easily and
t quickly assimilated, Automatic flight control systems, if simplax, must have :
- authority limitation at the expense of rapid response as the hover is approacied S
but, if multiplex, are expensive in size, weighi ard cost of ownership. The
cost-benefit of low visibility landing aids is not easily proven prier %o i
accldents ocourring and, when operating economies nave %o be nade, it is essy .
B t0 regard <zem as something of & luxury. The process of civil certification i
: of new operations must not be under-estizated,

g e e -
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Recent work

¥ The aim of recent work has deen Yo evolve & minizun cost helicopter system

; for use in vigibilities down to 50 m which is capadble of being flown manually
and, if necessary, using existing flight instruments. Any autopilot assistance
should be no mors than simplex self-monitored. For over-sea operations,
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economy can he made by utilising the radio altimeter in conjunction with range
information to provide elevation guidance. For the range and azimuth guidance,
& 5 CGHz transnission frequency has been adopted, with interferometer angle
neasurement and ranging transponder adjacent to the landing area, Flight and
sizulator investigations at RAD Bedford have teen followed by flight trials to
an off-ghore platform and to ships. This has enabled flightpath profiles,
precedures, handling charscteristics, pilot factoers, guidance, cockpit displays
and visual aids to ve assessed. A system has bYeen evolved which enables the
pilot to marmally decelerate to the hover with san accepiable workload when using
-, only conventional electro-mechanical instruments. It employs pitch, roll and
height directors with heading held steady for the final part of the approach %o
the landing area. The additional use of simple autopilot heading mnd height

i hold modes,if available,reduces pilot workload to a very low level. The guidance
i format for an integrated electronic display for the whole terminal navigation
a and deceleration manoeuvre is being developed and evaluated in flight,
i Complementary visual lighting aids for use during clear day and night approaches
o are being refined, and the special visual aids to assist the final landing
e neniosuvres follewing an instrument approach to the hover are being assessed.
g§ The mechanisms and magnitudes of sea multipath effects at 5 CHz have been
éﬁ studied and neagured in some detail as & necessary input to the total radie

systen desigm.

searse

The messazes

3 A

g} The saliert nessages which have anarged from “ne ievelopmeni and proving

& work 4o 4aza of low wisibility nelicopuer recovery 3 s ens can be sunmarised

ﬁ. P

1 18 Jollows.  The nelizopier 2andling factors - $5abilisy and conitrol av low aiv
%J speeds in adverse winds - are lominans, The mininun alrspeed, when using only.

: visual lignsing aids or only posisional radio guidance, iz atout 50 ‘=i nead:

@' winds will reduce the corresponding slosing syeed,  Tisual decelerpiion even on
b & Sigar nighs or dull day is diffieuls 4o Judge correctly when onliy the distanc
i landing area (s visidbla.,  Given well developed flighs dirsctors and centrol

i laws, zanually flown insirument approsches to the hover are guite praciicabls.
ﬁ Siaple autcpilot modes give u very worshwhile benefis, Instrument deceleration

g reguires vary good and sensitive pilot displays if workload is 4o e kept down
0 an accepiasle and safe level. This in turn demands low noise giidance
signals.  Accurste range and velocity guidance is crucial., All she experience

to date confirms the view that the logical break-point vYetween instrument and

_ visual guidance is at or close to the hover, It followas that electronic aids

. for the land-on manoeuvre are unlikely to be cost-effective. Operators will

: only subsoride if the costs are reasonable, 8o that complexity must be minimised
! and what is readily available must be fully exploited.

The recovery of helicoptors to airfield runways, given existing aids such
%y es ILS, is esaentially a visual prodlem. Improvements 1o approach lighting

B Patterss <o matoh the lower helicopter approach speed and %o runway lighass to
% increase nigher angle intenszity seems iicely <o offsr consideradble denefit,
¥ Recovery %o off~shere platforms, in the absence of en ingirument deceleration
g‘ capaoilisy, appears to warrant the use of a visual glidepath indicasor in

g’ _conjunsiion with redio aliimever %o deduce range wnd assiss deceleration, and
0 possivly she addition of an omni-directional visual bescor to replace the

13 disappearing Slare-stack.

) '

In respect of the radio racovery guidance system, adequate duilt-in per-
formance monitering is essential if equipment redundancy is to ve minimised, or
olininated, in order 10 assure adeguate integrity arnd salety and io ninimige

complexity and ocost. Guidance system rsquirements appear to be “roadly am
follows -

" i . e - s <)Ly ‘\:"""
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Covorugo Azimuth - idoally 360° and not loll than 120

Elevation - 1 %o 10° at long range
1 %0 45 at short range

Range - minimum less than 50 m
paxizun at least 5 miles

——— - .._.._.....

Accuragy: -  Azimutha -« 1 to 2°

Tlevation - 0.25° st long range
1 40 2 m in height at short range

Range - 3 m at short range
Velocity ~ 2 to 3 km

Noise (rms): Azimuth - O. 05°

Elevation - 0.08° at long range
0.7 m at short range

Range - 1 2 at short range
Velacity = 1.5 &

Output filser: Azimuth, Tlevation, Range, £0.3 Hz
Talocity 2.1 Ha

»

The insclusion o a datalink <o permit ground, or aalp, monitoring of “ze approach

and o sali-down odods LS clearly nd'an:;geous. The systeam power Tudges “‘s-

take acsdunt 3P fypicali gustained sd g“a anplizude 7ariasions as 5 Mz oF « 2L 49

- 9 43 iua to ses reflecsion multipash, reacning - 20 432 on onccasions.  Radis

altizesor neighs gaidance will reguire inextial smoothing 40 sounter the efflects

on guidance noise of sea notion at low helisopter speeds.

Coneclusions

In summary, we can say that pileted landings in low wigidility are
practicacle using availavle technology, The final landing from the lover is
best achisved visually, An instrument approach from 5 miles %o the hover
requires a radlo system supplemented where necessary %y inertial smoothing.
The key arecas demanding enhancenent are the helicopter ocut-of-wind limits and
stability, piloet displays and workload and safety aspeots rather than radical
advances in guidance. Finally, the complexity and cost of recovery systems
nust be kept to a minimum if operators are to be enocuraged to insure their
operations in recpect of landing success and sajasty in low visidvilisy,
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Helicopter Guidance and Navigation

1980 will be noted ag the year tha%t I.F.R. operstions in
various overland roles joined the already extensive Offshore
applications of the Sixties and Seventies, This has been
brouéht about by the advent of the Tuin-Engined Executive
helicopter vith full stabilisstion and state-of-the-art
Avionics.

Whilst Offshore and Onshore detailed requirements may vary,

the Cuidance and Navigation needs fall into the same categories,
i.e., a) En Route, b) Terminal Approech and e¢) V.H.F. Homing,
It wvould be desirable for the first two of these requirements

to be met by one item of airborne equipment.

Existing En Route Nsvigstion reflects the fact that helicopters
often operate avay from VOR beaons and at lov sltitudes, and
consequently Decca, Loran and the aveilable VLF services
provide the nsvigation capability. However‘Precipltation
Static contlinues to present a problem which has only partially
Seen overcome by 'H' fleld antenna improvements. Any future
aid must inmclude a DR Funetion “o take account of tnis and any
other period of loss of signal,

Although the trend i{s tovards digital display of position,
track and speed information a case still exists for a
supplementary flight log to give & pictorial representation.
This is most useful in the inter-rig shuttle phase of
Offshore operations and would alsoc provide a valuabtle aid in
the overland en-route emergency descent situation,

The capabilities of Airborne Radar have expanded significantly
in recent years so that vhat was once & Weather Avoidance Aid
now provides not only Offshore En-Route Nevigation Guidance

but alsoc per .its Terminal descents to the lovest minima so

far experienced Offshore, The continued progress towvards
integrating Radar vith a digital en~route aid, thereby providing
the possibility of pictorial positioning, is to be encoursged. .

A C Jordon (Bristow Helicopters)
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Existing Precision Approasch Aids such as ILS continue to
satisfy aerodrome gpproach requirements, particularly if, with
@ marginal reduction in Decision Height approaches can

then be completed in all wveathers by the use of directional
high intensity lighting.

Avay from the fixed aerodrome the area open for maximum
improvement is the heliport, both Onshore and Offshore,
vhere constraints of physical siz2e have lead to the concept
of the !lobile M,L,5, with minimal aerial array. Even here

good lighting is necessary to complete the transition to a
visual landing.

An attribute alvays asssocisted wvith helicopters is Search and
Rescue. Often the only available Search alrecraft is one from
the same base as the helicopter that ig missing., B8oth in the
North Sea and inm the jungles of Indonesia civil helicopters
are equipped with Homing cevices, Jur #uxparience

to date is not very good and agsin antenna design seems to be
the prodblem area.
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NAVIGATION OF HELICOPTERS IN SUPPORT OF THE NORTH SEA OIL
INDUSTRY

T C Porteous

When gas was first found in the southern part of the North

Sea in 1964, there were only a few mobile drilling platforms,
some forty to sixty miles off the East Anglian cocast. The
navigation problem was relatively simple as there were few
. helicopters required to service these rigs, and for the
whole route outbound and inbound the crews were in VHF
communication with their home base. This led to easy control
of eircraft movements and ensured safety throughout the
flight as position reports were easily made every ten minutes,
Position was determined by the use of the Decca navige“‘on
gystan, initially by pilots plotting Decca co-ordinates on
the charts, but soon the Decca flight log was introduced
with its most useful moving mep display, on which the
required ftracks cculd he drawn. When o1l was discovered in
the north, the exploration rigs were auch further cifshore,
but were not initially numerous. Therefore, the sane
navigation systen was used with direct tracks being drawn *o
. ) sach Installation. Separatlon wes assured by helicoptaers
i i flying ocutbound et certain heights, and inbound at other
% ¢ desi§nated heights, DBecause of the distances involved,
usually between 100 and 150 miles from the Aberdeen or
Sumburgh bases, HF communications were used to make the
necessary safety position reports every ten minutes,
elthough the flight watch was invariably transferred to the
destination installation when the helicopter ceme within VEF
renge of 1t, To help in identifying the target rigs, these
installations had NDBs, usually of different frequencies.
Because Ifreguency allocation was sometimes a problem and
. frequency coincidence happened, NDBs would not be activated
; untll requested by the helicopter crews. Although initially
most flying was done under visual flight rules, the few
ingtrument rated nilots if flying above cloud, could use the
NDBs for procedural led downs.

. . rores i N Rt
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The fact that not all crews were rated meant that on bad
y | . weather da%s eircraft had to fly close to the ground at

: what ever height they could achieve without entering cloud.
s This could have had a disastrous effect as the number of
;| ' helicopters involved increesed. The single most important
i ‘ development in recent years sas been the wide spread
achlevenent of instrument rated crews, thus germitting
alrcraft to Ily at sensible altitudes so that an acceptable
alr traffic system could eveolve.

B s e S )

i Captein T C Por+teous is Chief Pilot Technical Services in i
i British Alirweys Helicopters Ltd. '
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Present

i Since these early days, the search for oil has grown in intensity
X and there are at!present some 34 fixed production platforms in the
9 Northern UK sector alone; In addition 31 mobile 1nstallationsi'
S excluding diving ships, crane barges, pipe laying baifes, drilling
E ships, exploration rigs and fire fight vessels., 1 have to be
t serviced, that is, men and materials transported bvetween them and
i shore bases, on a reguler basis. Because of formalised work
g patterns, most of these installations need more than one returm
7§ Journey per day; for example the Forties Fleld, some 110 miles east
of Aberdeen, conusisting of four mein platforms and one ship, has on
‘ average 10 - 12 S61N helicopters to and from it daily. Therefore,
you can see from the wide scatter of locations to be supported,
.+ and by inference the large number of helicopter movements to be
8. ,  planned, a traffic system acceptable to ell concerned had to be
"l devised, with accurate navigational integrity. In the socuth,
because there are few mobile installations and because there are
| relatively few helicopters in sugport, some 9 return flights
vl i from my company's base per day, the old system of direct tracks to
i ! eand from the rigs cen still be epplied. However, en added hezard
i exists in the form of military activity. So special helicopter
{ gones hav;hbeen :stg?lished to protgct th:se helécopters go ] .
| ; egree, e navigation systems used are Decca, Danac, and on a
3. . least one aircraft ONTRAC, which uses VLF radio beacons and OMEGA.
- : More of this later., TFMurther nerth, ocut of Aberdeen, %there is an
- ~arc o offshgre installations teiween a vearing of apprexinately
C30” and 1207 degrees. To ensure safe separaticn, all alrecref+
going cuthound fly on cer<ain radials has2d on the Aberdeen VOR
beacen, and returning aircraft Ily on oher specified redials. For
example, outdound to the Claymore Field, the radial 1s 051, inbound
ig 054, In addition to keeping strictly to this radial separation,
the aircraft fly outbound at 2000 or 3000!', and return &t 1500 or
2500', At altitudes above 3000', aircraft fly under the
internationally recognised quadrantal seperation system; at
altitudes below 10007 air traffic will fly et desizneted hundreds
of feet, and keep a sharp look out and listening watch! Right wp
in the north, out of Sumbur%h.the problen of track provision is
different. Most of the destination installations are basically in
the same area, that is the East Shetland Basin. Therefore a
system of parallel tracks has been established for outbound and
inbound traffic. Complications which could arise from different
alrfields being used, like Unst in the far north, are overcome by
havinﬁ specified joining positions, and crossing points. Aircraft
from Aberdeen to the Zast Shetland Basin must jJoin this systen.
= They do so from either overhead Sumburgh, or dy joining the tracks
K et sgecific positions, Most aircraft are fitted with weather rader
| which have a mepping mode, end this helps pilots tc "see" rigs and
| platforms, although up until now there has been no way of
= identifying these targets. However, used in conjunction with rig
! NDB equipment, to ensure a clear area ahead, crews can perform a
letdown through cloud to make a visual landing. Unfortunately,
there ars so mang installations offshore now that dedicated
a

frequencies are hard to find, I'll talk more of this problem
shortly.

|
|
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- platform within range or on HF to home base and 1g pure

Now, I'll return to the question of control of this air traffic. In
the South VHF communication with home base, the local RAF control
at Coltishall, and the rigs is very clear. Out of Aberdeen, the
airfield primary radar watches over aircraft in the potentially
dangerous closest 40 miles, potentially dangerous that is for
aircraft tend to converge on each other. Beyond 40 miles and out
to 80 or beyond if possible, Highland Radar watches the aircraft
with a secondary radar. Almost all of the helicopters now have
transponders which identify individuel aircraft., DBeyond the
range of Highland radar, alrcraft revert to the flight watch
system, where they report their positions relative to the Aberdeen
VOR every 10 minutes. This call is mede on VHF to e rif or ot
y & safety
device to let would be rescuers know their last known position
should they disappear. Out of Sumburgh, the parallel tracks are
flown by reference to the Decca flight log. The airfield radar
controls aircraft out to 25 miles; Shetland Radar, based on the
northern island Unst, provides control out to 80 miles or so, at
which point airereft transfer to the Zast Shetland Basin rreguency
of Viking control., The East Shetland Basin is a very crowde
terminal area. Despite this, ell control is exercised by voice
only; there is rno radar control aveilable. Consideration has been
given <o providing radar, btut because c¢f the number of productiion
platforms, by their nature producing oil and gas,’ it is fsalt that
radiating radars could cause Ifire or explosion hazards., Therefcre,
to date, helicopters are conirolled only by volce, reference being
made to reporiing voints, necesserily relying on <he crew:
interpre<ation oI existing nevigation alds.

I heve mentioned the zain ald <o nevigation, Decca. The Decce Merk
19 ls a very reliable equipment, particularly in this pert of the
world. The accuracy is needed to describve preclse tracks as
already explained. The latest aircraft on the North Sea, the
Sikorsky 875, has not enough room on the instrument panel +o place
the Decca flight log, and so crews have come to learn how to
operate with Decca Tans, Tactical air nevigation system, which
uses & Decca 19 receiver, and to do without a valuable pictorial
representation. The mein value of the flight log is in being able
to picture where other aircraft are in relation to yourself. For
example if an aircraft is reported st 90 miles on the 087 redial,
a pllot can see that position on his flight log and relate it to
his own position, However progress is away from this, although
other forms are becoming available, Other navigation systems are
being tried, but have generally proved not to be as accurate as
Decca. The VLF/Omega system ONTRAC ig in use on an aireraft in
Qhe southern North Sea, but even over such distances, its accuracy

/' hhs been diseppointing. GNS 500 is enother VLF equipment, and

although severel alrcraft have used it, its eaccuracy is not as
good as Decca's.

dAuture

'So much for the present. I mentioned the difficulty in providing

dedicated NDB frequencies for all rigs. !low that most hellcopters
in the North Sea are equipped with alrborne digital weather radars
with beacon mode capability, it 1s possible to install X-band coded
trensponders on rigs, and perhaps agproval can be obtained to use
these signals to identify rigs, rather than NDBs and develop a

let down technique that does not require the rig to be dver flown.
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Now that Tans is a part of every day life, pilots are getting used
to this new generation of system. Tans ls itsell regarded as an
intrim equipment, with 17 way points (that is selected
destinations or turning pcintsg along and across track readout
capability, ground speed and wind ve ocit! functions plus reverzion
. to dead reckoning should the receiver fail. The advanced systen,
Decca Rnav, will have all of this plus the enhanced capability of
100 way points and will be capeble of receiving VLF, VOR/DME and
Deccea. e use of the data link system is envisaged as a possible
means of circumventing the short comings of radar control 1in
: ; environmentaly highly sensitive areas, A series of trials is
' § 1 under way, and phase one was setisfactorily completed last April.
1 During this trial the capability of S61 eirborne equipment
' automatically to transmit signels of sufficient strength and
quality to pass useful information to be reproduced on a tele-
printer was proved. Ranges over which the trial was successful :
were up to 80+ miles using VHF end 150 miles HF. The second phase -
of the trial should take place next sgring and will prove that .
relevant information, for example call sign, position, altitudes, .
destination can be transmitted and presented in a form that permits K.
use in'a control situation. This information could be displayed in :
tabulated form or, more efficlently in my view, on a display !
. similar to the normal radar CRT display. This latter presentation 2
'Q . would be most advantageous because each data link asircraft would e
B ' be interrogated from a ground station every £ seconds, and just as o
3 in the alrereft, the changing picterial presantation ls of nost

value. There, however, ls the weekness 1n tie cecncept; all
alrcralt orerating within the ares in questicn would hrave 0 be
fitted wizh this equirment il ground control were 1o e exercissd, .
_ I do nov telleve this is a varrier, vecause operators in the North -
3 Sea have always shown themselves eager to lmprove the safety of £
; the whole operation, 3
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Up tc¢ now, helicopters ‘have lagged far behind the fixed wing fleets i
in evionics fits. We are only now seeing helicopters flying with i
£light directors, My own company is progressing directly from the -
i old fashioned artifical horizon and compass to fully coupled flight i
® directors. We have a Bell 212 based in East Anglia which ls so

) fitted, and our 876 aircraft are similarly equipped. We have found .
B this equipment extremely valuable and its integrity ls assured. The 13
aquipment flies the aircraft more consistently accurately than the 3
pilot who merely has to instruct the system by heading, height, 8
rate of climb, navigationel selection inputs. So, we are &
proceeding to where pilot induced inaccurecies are reduced, or %

L e e o

\ - rcompletely eradicated, and the accuracy of equipment is the base
. 1 line., However, more is being done, and the whole question of
g | ' computerised flight management and maintenance surveillance B
: systems has been opened up with a view to providing navigation i
. information which can be fed to the flight director., The basic ki
R . flight management system considers such items as alrcraft weight, %
' outside air temperature, air pressure and will inform the pilots L-”
: by way of a digital read-out or CRT presentation what its altitude :
s and speed should be for best fuel consumpticn., It can tell him '

what maximum renge would be if he entered icing conditions, or if ]
he had an engine failure. - 3

Maintenance surveillance takes the form of selected inputs being
retained In an aircraft computer to be either interpreted by an
engineer directly from the CRT, or drained electronically from the
aircraft to a maintenance computer in the mein engineering base.
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You may have read of a US Coas:guard system under development
which aptly describes the way ahead. t combines Navigation,
Guidance, ¥lighx Control, Communications, Cockpit Controls and

Displays, Sensors and Maintenance monitoring to provide a total

mission capability. Much work has been done in this country, and
I believe that a ritiah.sxstem will be flying this year which
will be overy blt as capeble as the US one, and will have other
features such as the abllity to navigate by reference to NAVSTAR,
the Global Positioning System based on satellite reference.

Sunmary - ‘ -
In summary, then, navigation systems for helicopters in supgort nd
the North Sea oll industry have taken great strides in the lgst
15 years or s¢. We have come from simple, direct track flying-
where the rig was ldentilied visually, then by a coded NDB, t¢
sophisticated track systems designed to ensure safety at ail,times.
We are now seelng the beginnings in the helicopter world, of :
aircraft being controlled by navigation systems which are merely
selected by the pilot, and which are being more accurately flown
than in the past. I belleve we shall soon see data link systems cf
reporting and control in terminael areas, particularly offshore, and
navigation systems which take several inputs, the most accurate of
which will be selected by the on board computer and fed into the
aircraft systen. ot ‘

I €o not see the pilet being'replaced by these scmputers, dut I
do ses thess Zascinating syslems ennancing salety, sconcmy and
gfliclency berond anything we could Ilmagine only = few years &go.
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THE DEVELOPMENT OF MADGT AS A PRECISION APPROACH AJD
. FOR.HELICOPTER OPERATIONS ON AN OFFSHORE STRUCTURE'

H.L. Dezwent snd D.E. Helmore

-The Oparational Requirement

Following early work by British Altways Helicapceri, tho \

British Helicopter Advisory Board (SHAS) submitted a 'Civil -Operationsl =

" Requiremsnt for a Helicopter Instrument Approach Aid" to the C.A.A, in i
the mid 19608. 1In, 1969 both NATO and U.K. MOD issued operational roquiro-'Tw

ments for a Tactical Landing 3ystem for all classes of military: aircrlft, .

which encompassad the civil operaticnal requirement. f

L Following *light trials in 1976 which involved tha Royal e
¥ . Aircraft Establishment, the Department of Energy, -Shell (UK) Expleration . ;
1 ISR O and Deveélopment Ltd., Bristow Helicopters Ltd., British Airwvays o
W Helicopters Ltd., BHAB and MEL an optimum Flight profile for the use of

. g helicopters offshore was evolved.
ﬂ E An Appendix was added to the BHAB cperational requirsmemt in
g I 1978 titled 'Operational Requirement for Precision Approach Aid for
R ! delicopter Operations to Offshore Helipads'.
i ‘); y] 511.

4 : ; Stated simply this operatiomal requirement imcluded:-

-§§ ) @) Azimuth and Elevation Guidance,
18 :

@ ; b)  Precision D.M.E,
& : ¢) Volumetric Coverage.

d) Offset Azimuth Approsch Path.

e) Offset Glide Slope plus level segment from 0.5 nms,
'“ﬂ f)  Viaibility minimum of 300 metres.

g 9) Minimum Decision Height of 100 ft. ASL.

h) Multiple Approach Headings (GDMe).

e i e S o M
»

Mr. H.L. Derwent, Managar, Interferometry Division, M.E.L.
Mr. D.E. Halmore, D.D.A.V.0., C.A.A.
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MADGE System Development

The basic MADGE military system consists of:-

Ai:cr!ft System
Transmitter/Receiver
Logic Unit - L :
Antenna System ' '

Pilots Controllar . . _" | .?_=. ﬂ£?x*A1" e

Oisplay System

Grournd Station | | T T SN

Elevation Anterns Unit (Passive Glide Slcpe) S
Azimuth Antenna Unit (Pessive Localiser) o
Transponder with Omni Antenna S '

This system was dasiqned to provide llndlhq guidanca'to aal classal

" of aireraft in visibilities of 400 metnes. and decision helght of 100 Fuet in

any battlefield environmcnt. The opsration of the systum wtll be dsucribed.‘-
This system was demonstrated in protatypo form in 197&, '°/5 and |
1976 at Penzance with British A;ruavs Helicupters Ltd.. and in Frnnce and Italv.

The offshore syatam was developed from the Tacticnl System and
congists of:1=

Alperaft System

Transmitter/Receiver

Logic Unit

Antenna System

Radio Altimeter Interface Linit
Offshore Pilots Controller
Display System

Ground System

Azimuth Antenns Unit (Passive Localiser)
Transponder with Height Diversity Antenna
Offshore Processor

Data Recorder {(Optional)

Monitor Beacon

Turntable Asgembly

The operation of this system will be described.

This system is installed on the BERYL 'A' Platform of Mobil North Ses
Ltd. and in three Sikorsky Sé1 Helicopters of Bristow Helicopters Ltd,

i il.‘L\.} ,l
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ok A programme of Approval snd Certification has been carried out since
/& the equipment was commissioned in mid 1979,

YE .
E Approval and Certification |

, The ILS CATEGORY 3A partition of risk and integrity critoria have besn
used as the basis of the General Submission for the Approval and Cert;fication

| OE, ‘&f the MADGE Uffshore System,

Vh

?g i ~The flight trials programme will be described and current status of
“ tho programme will be reported.
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THE APPLICATION OF INERTTAL AND ASSOCTATED AUTONCMOUS GUIDANCE
TECENIQUES TO HELICOPTERS '

By W.H. McKinlay

L.

2.

troducticn. Because of their versatility heliccpters arxe used in
a variety of cperational roles. Consequantly, there are many
different navigaticn requiremants. The purpcose of this paper is to
examine these differant navigation requiremsnts and also to consider

the extent to which thay can be met by autcnomous or self-crontained
lYl‘tﬂ'l'. '

tional Lrements. Many civil heliccpters operate in highly

' countries well served with standard navigation aids.
Healicoptars cperating in this envirorment have to carry certain
mandatory radio aids. Consequently there is not always a case to
fit an autonemous systam. However, helicorters are also used world-
wide, particularly in oill or gas flelds. They therefore recuire
sither a self-ccntained system or a universal ground-based aid such
as Cmega,

The most stringent recuiramenty for positicn Zfinding apply <o
helicoptars which ars used for swvey pwposes. The accuracy
recuiremant s of the order of 10 metres and this has led to scme
interesting work which will be described later.

Ammy helicopters operating over land fly at extramaly low altitudes.
Because they exploit the terrain by flying @ valleys or round
cbstructions, they <o not have a navigation requiremant to follow
pre-planned tracks. They do,however, recuire the most accurate
navigation possible so as to be able to locate themselves continuously.

Many helicopters are used in naval cperations, largely because they
can operate from quite small ships, They require a navigaticn
systam which can be nn up on board 4 moving ship and which will then

give continucus positicn data with the minimum dependence on ground
or ship~bome transmittars.

All these requirements can be summad up by saying that civil
halicopters cperating in an airways environment do not normally
require self-contained systems. Civil or naval systems for world-wide
use require position data to within about one mile. Axmy heliccpters
could use high accuracy systams if they were available within stringer:
cost and weight limitations. There are prospects for any system

which can help survey cperations in territory in which no ground aids
ace available.

Possible Navigation Systems. The navigation gystems which can be
considered are elther externally derived or self-contained.

The extermally derived systams are cutside the scope of this paper.
Apart from the standard aids used in airways systams the two most
interssting develcpmants are Omega and Navstar GPS. The latter
system is not yet cparational but clearly any future thinking about

W.H. McKinlay is with Ferranti Limited, Edinburgh
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helicopter systems should include the possibility that it will becoms
available on a wice scale.

s pif ber TIT LRI

The Doppler navigator is the most popular self-contained system. The
radiation fram an airborme transmitter is reflected froum the texrrain
end when it is received the Doppler shift is measured to give two .
components of velceity, aleng and across the aircraft axis. Consequantly
it is possible to rslate thase velocity components to earth's axes
providad that aircraft heading can be masu.red In practice, heading
errors dominate the systam erxor,

ETIE

SRS MR EPE T

The simplest system for measuring heading is a standard alrcraft gyro-
magnetic corpass. Its accuracy is deminated by that of the flux valve
which is used to relate the gyro heading to the earth's magnetic
referance. )More accurate heading systams make use of inertial technology.

Inertial Systems. An inertial reference consists of an assembly of

gyros accelercmeters which can be stabilised so as to msasure
vehicle accalerations in two rectangular horizental axes. Succassive
integration of the accelerations gives velocity and disgplacemunt. Current
systems include a stabilised platform with gimbals to isolats the
ingtrumants from veilcle movermants. It is, however, possible to strap 8
the senscrs down o the aircraft structure in which case their outputs
insludc its angular novemants and the gimbal functicn s machanised in
50-:’“‘:‘.

123281
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It is necessary to allcw the svstam 0 determine true Morth so as =0
relate its outputs <o earth's coordinates. This ls done by causing it t
to gyro-compass and find North to within about six minutes of arc, The

gnt available magnetic refsrences have accuracies of <he ordar of cne
egree.

A pure inertial system is subject to errors which propagate with time i
and include an 84 minute Schuler csclllation. ;{

It is possible to use an inertial reference in a hybrid system which also -’5
has a second input of velocity which may be fxoam a Doppler system or an i
axternally derived radio aid. i
kit
It is possibla to update helicopter inertial systems in one way which is i
irpossible with fixed wing aircraft. If the helicopter alights, the k]
velocity seen by the INS will be zero in garth coordinates and this track :
can be used to udate the system.

Helicocter Inertial References. The following is an approximate comparison
Detwean the accuracies of a number of autcnomous systams. They are
expressed as a percentage of distance flown., Exact conpariscns are

difficult unless the erxors of alternative systams are modelled in the
context of particular flight profiles.

. Tiozemeszemsociesiac
e et o

sl

A Doppler systam based cn a gyro~magnetic compass has an accuracy of about
1.5% of digtance flown., This accuracy will bae degraded over the sea
depending on conditions and a full definition of such system behaviour is
outside the scope of this paper. A rsasonable assurption is that the
arror will not exceed 2% of distance flown.

—
T35es.

ez assms.T

An inertial navigator cperating in a helicopter should have an accuracy of
akout 8% of distance flown. It is not poasible to operate inertial
systems from ships without special alignment procedures which take
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accomnt of ship's moticn. One possibility is to align the inertial
systam as if it were a magnetic refarence and operats it in a mix with
a Doppler. The accuracy will start at the same level as that of a
Doppler system but as the airborne alignment proceeds it will improve.

The ultimate potential accuracy of inertial systems is considarably
greatar and it is possible to £ind references to special airborne systems
with accuracies of the oxder of .3% of distance flown.

Finally, inertial survey systems can attain sub-metre accuracy whan
valocity updates are carried out at intervals of from 4 £o 5 minutes with
at least 20 seconds spent in contact with the ground. The msasured
velocity error is fittad to a computed error curve which can either be
c(xtr;ipot:ugl back in time or forward to improve the positicn corputation
prediction).

Conclusions., It has been shown that pure inertial systems and hybrid
systers including IN and Doppler are both possible. Inertial systems tend
t0 be more accurate and the techrolegy has reached the stage at which
accuracies from 1t of distance flown down to sub~-metra position errors

are pcssible.

The inertial refarence has a number of advantages over other autoncmous
systems or extarmal radio aids. It does not dapend on ground-baged
transmitzers and in militars use it does not radiate, being thus non=
detectable, An inertlal senscr can he integrated into an avicnics
packace o Tive Sires components of velocisy as well ag heading and
attisude informaticn, all ©f which are 'aluable in flight centrol, The
sensor outsut is smooth and is therefore ideal for use in a hybrid system
having radie inputs which are aither noisy or liable to intarmption.

Inertial senscrs are beccming awaller and lighter., In many current
installations, the weight of an INS is about 25Kgs. 7This is now coming
down to 17Kgs witli prospects of sanscrs weighing as little as 7Kg, All
inertial systems include digital computers and can thus accept other
computing tasks as part of an integrated avicnic system.

So far the main applications of inertial technology have been in fixed
wing aircraft, missiles or space vehicles. The technology has matured
and the enphasis is now on smaller, lighter systems. The applicaticn
area has already extenced to land systams and inertial swveyors. Next-
generation helicopter systems shiould provide new opportunities for IN
and in particular for its inclusicn in highly integrated systems.
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HELICOPTEIR NICHT VISION SYSTEMS

Dr J. No Barrett, FMlight Systema Department, R.A.E. Farnborough

;ntroguggiog

Over the past several years, there has been an increasing emphasis
withia the military field, on the development of avionics systems which
will improve the day and night operation of helicopters, This has
followed the realimation that the helicopter has an inoressingly
important role to play, which can only be fulfilled with & trus alle-
weather capability. This paper examines ths impact of these require-
ments cn the low level mission at night and in poor visibvility, and
describes the exploration and development of different forms of electyro=
optical imaging systars.

In normal day visual metecrclogisal conditiens, the helicopter ia
designed to be umed for a wide range of oparstisnal missions. This
flexidility of cperation partiowlarly at low level, depends 40 a large
extant on the pilot's abillty to maintaln wvisual geound sontect in order
0 ldantify and recognise feasures., 'WHen ground sontact is prevented b
oW deen illumination or poor visibility, the mission capability ia loss,
partioulaxly for these missions involving flight at or below %xe local
cbsizole clearsnce level. To re=establish the nission capadility under
thess flight conditions, it is not sufflcient %o present the pilot with
processed flight or navigational informations Rather, means nust de
devised %o provide the pilet with some indirect view of the ground, %o
re=astablish ground contact and restore the mission capability.

iIn the commercial field, there is elso growing interest in the
possible exploitation of military all-weather ailds to improve off-shore
helicopter operations. This application is more tightly sonstrained Yy
economic considerations, but this peper describes & system which could
usefully used as & self=contained approach and landing aid for opers~
tions in the North Ses, without the overhead of an expensive ground
guidance equipment installed at the landing zone.

The research programme desoribded in the paper was run by the
Helicopter Section in the Dlaplay Division of Flight Systems Department,
meinly using the Royal Alroraft Establishment Ses King helicopter which
was equipped with a number of electrowopiical imaging systems and
supperting avionics.

Airborne System Descrivotion

Various forms of night vision systems were investigated during the
trials. The first comprised & forward-looking externally mounted
sensor, driving a 220 mm diagonal hesd down display mounted in the left-
hand instrument panel of the cookpit. The early trials were done with
this system to highlight the fundamental problems of using a televisioen
image of the terrain to pilot the vehicle, and to estabdlish the '

Dr J N Barrett is Head of the Helicopter Seciion in Flight Systems
Department at the Royal Aircraft Zstablishment, Farnborough.
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essential requirements of the system in terms of camers field of viaw,
resolution and imagemagnification presented on the television monitor,
together with the supporting navigation and guidance systems required to
schieve an acoeptable safe operation.

For the purposes of the night vision trials, the Sea Xing was fitted:
out as a flying laboratory with special video processing and data recording
facilities. Three types of sensor were available on the aireraft. The nose
of the Ses King was modified %o sccept a Forward Looking Infra=Red Senser
contained within & panning and tilting platfom. An intensifier imuge
Igooon low light television was mounted on the starboard side of the airframe
immediately below the cockpit. In addition for training purposes, a Vidicen
daylight camers was rigidly mounted in the corresponding pesition on the
portside of the airframe, each sensor output oould be selected individually
on 10 the elecironic head down display dy a selector control in the cockpit.
To augment the sensor information, a symbol generator was used to provide
overlay flight information on the TV image. This comprised height, speed,
heading, attitude and vertical speed. 4An esaential part of the overall night
vision system was the navigation aid. This comprised a Doppler and a gyro
nmagnetic compase aystam coupled 30 a TANS digital navigation computer.

During the saries of flight “rials paseive night goggles wera also
eviluated as an alternative type of aight vision aid. Their sdveniage over
the fixed sensor was that the pilot could socan the laomu'hoad.ou normally
uhan flyring in day visuwl conditions, The goggles gave a 2407 Dilald of view
o che outside worid at wnity megnillication,

The night vision concept which combines the adventages of a3 acternally
mounsed sensor, with tae loox around capability of passive night goggles s
the visually soupled helmet mounted display system. This cerncept 40 date has
only bees evaluated in a Flight simulator, but will be flight %ested in the
Sea Xing commenoing in early 1981. In the normal sirborne installation, the
visually coupled system comprises a head sighting system coupled %0 & slew
able platform in the nose of the ailreraft, Within this platform, a sultadle :
night vision sexsor is mounted, either low light television (LLIV) eor i

Forward Looking Infra=Red (FLIR). The sighting system measures pilet head tg
angular orientation iz asimuth and elevation, and these signals are fed to o
the platform a0 that the night vision sensor is locked to the pilot's line e
of sight., The sensor output is fed to & helmet mounted display which i

presents 1o the pilot a collimated scene image at unity magnification. As the y
pilot moves his head, the platform follows giving a continuous view of the

outaide world as if the pilot were looking through the windsorsen. Because
of the slevation coverage, the pilet can actually 'look through the floor!’ .

of the heliocopter vertically downwards. Provided potential disorientation ‘i
effects can be overcome, ths visual coverage at night is much greater than N
with passive night goggles. This can be very advantageous during search i

and rescus missions or when landing in a restricted site. %ﬁ-
b
Sretem Assessment 3
During the early TV flights, it was found to be difficult to assess aircralt ﬁg
height or speed by reference to the two=-dimensional TV image. Frequent i

reference had to be made to the airoraft's conventional instruments,
partiowlarly the radio altimeter. Also the pilots wers reluctant to take
thelr eyes off the TV screen, hecause ground features were best recognised
during the few seconds vhen they appeared in the immediate foreground of the
picture. For these ressons overlay flight informstion was added to the

6.2



forvard view as this was felt to be essential to the piloting task. The most
important piece of flight information was felt to be radio height, and this
was prescnted as a digital resdout on the right=hand side of the TV screen.
The second most important piece of information was felt to be heading.

This became apparent after some pilots became 'lost' on what was to them a
well known route. With heading available the pilet would know the heading
0 steer to the nuxt known ground festure without having to scan across %o
the lnorizontal situstion indicator. Additionally, attitude information was
found to be esmential for orientation purposes especiully when flying towards
sloping or rising ground when the real horiszoz could disappear out of the

TV field of view.

For the first part of the TV trials, a dasic training route was used for
each sortie, Although the evaluation pilots were thoroughly familiay with
this route, navigation from memory whilst flying on the TV etill proved t¢ be
very airfiocwlt. There was s continual confliot beiween wanting the widest
possible field of view to be able %0 see as many ground features as possibdle,
and the highest remolution o ideatify those features, which only came with
the narrew fieslds of view: Acompromise had to be accepted, and because tle
pilots tended 1o favour wider fields of view foraflicht at lower clearance
heights, a horizontal field of view of around 407 was selected. 'hen flying
at 100 %, Poreground features decane markedly larger than a¥ 300 f4 and
henow some reduction in their subtense by increasing the camers field 2f view
could be accepted without pilot performance less. However, at 100 4 the
whole aspect of the Serrain was different. GSroups of trees for example,
instead of having a recognisable planeform So0k on a totally different
vertical significance, Rising ground ahead cowd £ill the pioture wiza the
resuiting loss of =wie horizon. These effects are commonliy experienced when
low fiying) but were greatly wnplified when using the TV gysiem. The oversll
affect of reducing clearance height appeared to be that height judgement was
easier than st higher altitudes, but navigation and orientation more
diffioults 4All pilots found that at nijght the navigstional task was mere
difficult than during the day training flights due to the reduced image
resolution and dependence on feature contrasts for identifioation. This led
0 a greater reliance bYeing placed on the Doppler TANS navigation system as
back=-up, with the safety pilot reading off range and bearing of the nex
turaing point. A4ll pilots found shat at night theay did not have the spare
capacity to operste the TANS whilst flying on the TV picture. Although it
was originally intendud to maintain around 90 kn whilst flying at low level,
the flexibility of the helicopter was not ignored und speed was frequently
reduced when the pilot required additional time to assess & situition.

After the very promising resulis achiaeved in the earlier stages of the
trials using the basio training reute, flying was undertaken over essentially
an unimown plece of terrain at low level by night whers the navigstion aid
was supplemented by a moving map display. This moving map display was
up-dated from the TANS navigation computer. Within the confines of this
'advanced flying area' various routes were flown using way points. In
addition tactical flying was undertaken along valleys teking acdvantage of
ground cover. Another feature availadle at this stage in the trials was the
"heading to-steer" director or the TV display. This enabled the pilot te
seloct the next way point previously entered in the navigation oomputer,
the steering directer when nulled providing the correct aireraft heamding o
this woy point.

Over the advanced route flights were undertaken at low level both by
day and night. Although the work load and degree of concentration reguired
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vere high, they were well within the pilot's capabilities as evidenced by the
fact that some monitoring of engine temperatures and pressures, and dialling {
in of new radio frescuencies could be undertaken. It was felt that this was
» achieved due to the large amount of experience already duilt up on TV flying
o along the truining route. The moving map display was found to be easy %o
N use Yoth by day and night. Its central position between the pilots was not

8 ‘ ideal for viawing by the evaluation pilot, but this only became a real problem
.1¥ when the airoraft's position was close to the edge of +he map strip and the
pilot's look ahead capability was Semporarily 1ost. 3Because ihe aircraf+'s
present pesition on the map was determined by the combination of the roller
and cursor positions, the map was not track orientated, and the pilot had to
scan the map for several seconds o determine track depariures. COnce the
S desired track and telected way=points were marked on the roller map, this

i | : problem was overcome to & large extent. For unplunned tactical flying

- howeveyr, the pilot had to leok away from the TV picture for several seconds
: to gain an impression of airoraft movement. This initially caused work load
! problems whioch disappeared as experience increased. When looking away from
| the TV picture the pilot's reaction was to increase height. Under some
| situations, height gaias of 100 f1 were axperienced, but this was found to
[ : reduce with pilot learning. With the addition of the heading-to=steer

: directer on the 1V picture the total pilot work load was furtkber reduced when

flying directly bdetwesn wayepoinis. In this situation she TAMS computer only
had to be referred 1o for the seleczion of way=points. Whog navigating using
the roiler map azd steering directer, the TV picture was used %o sonfirm the
alrerafd's position and prevent She clearance height Teccming <20 Lew. Thus
the TV wasumed a secondary role in the navigetion sask. This situation was
reversed 1P o hand-ield map was ussd., Here 80 nuch time was ypent undertacing
the navigation Yask in conjunetion with the TV picture as vhe aipreraly height
N gould nos be monitored satisfactorily. Tals in turn demanded & second crew
e member %o undertaks the piloting. The acocuracy of +the Deppler TQNS system

B wes adequate for all the night flying tasks, alshough only s 407 forward

~ segmen of the terraiilcould be seen this was adequate under most circumstances,
to up=date the drifs in the Doppler system duriag long sorties., PMurthermore,
if the TANS and moving map display were correctly set at the degianing of the
flight, the aystem did not need to re=fixed during & typical trials sortie.
Overall this would indicate that a self=contained navigation ald of this
sophistication is adequate for the task of flying a helicopter either unaided
by day or witb the assistance of an electro~optical system by night.

Night Vision Coggles

| . In general, many of the problens of the TV system which were caused by the
- ; fixed camera and limited fleld of view were overcome with the night vision
: goggles. However, a whols new range of probdlems was fognd. The pilot still
. % required information from the instruments. With the 40~ field of view biw
' . ! fooal goggles, this could be acquired by using the lower near focus section
: " of the goggle opties. However, the depth of field was not adequate to allew
the pilot 1o use all the instruments without leaning bYackwards or forwards to
; bring them into focus. Some illumination of the instruments were required
and in many cases the minimum setiings were far 00 bright to te usable wiih
the goggles. I was necessary for scme lighting %o be on for zhe safeiy pilat
to monitor the flight and engine instrurents. This lighting caused reflec-
tions in the transparencies whioch under some conditions could cbliterate the
pilot's view through the goggles. Towards the ¢nd of the trials, a new system
for viewing the cockpit instruments was devised which eliminated all *he
. i problems descridbed above. The image intensifier tubes fitted to the goggles
. l are most senmitive to light with wavelengths towards thered/infra~red end of
\
|
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the specirum. Fortunately, light reflected from the terrain at night is
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predominately towards the same end of the specirum. The addition of a red
(minus blus/green) filter to the objective lens of the passive night goggles
dces not result therefore in s serious loss of performance. In addition, the
low sensitivity of the goggles to the blua/green end of the spectrum means
that this colour can be used to illuminate the cockpit at & reasonably high
level without overloading théd goggles. To implement this concept, the goggle
odjective lenses wers fitted with a red filter containing & small blue tinted
convex lens in the centre. The focal length of this lens was chosen so that
the instrument panels and consoies in the airorafs would Ye in foouws. The
cockpit imstruments were then floodlit Ly blue/green light. This light was
accepted by the small lens into the goggle objective and rejected by the red
filter. Because of the amall size of the convex lens relative to the total
gogcle objective and the insensiiivity of the image intensifier <o the blue/
green light, the lighting level in the cockpit was high enough to read a
standard map without difficulty for the co=pilot who was not wearing goggles.
Also because of the small size of the convex lens, a large depth of foocus
was achieved, scme .25 metres compared with 05 metres for the previcus bie
focal arrsngement. The advantages of this systea were as follows; without
refocusing, the instruments and outside world stayed in focus over the
complete field of view, stray internal reflections did not affect goggle
performance, ithe depth of field when viewing the instruments was so grea’ that
no adjustmentmint of the filter or lens characteristic was needed %o ceser
for variations in aireralt configuration or pilot size. Iz addition, the orew
member not wearing goggles could use the navigwiion systen and moving map
lepaay with Litvle difficulsy, wasreas before in order %o read the meving
map er the TANS 2cmputer, the sa.feluminous rendouts had 52 T Surned o &
minimua and shen snly twrned wp when regquired %o e read B the co=pilot.
Cverail the navigasion system required for use with 2ighs fogiles was fownd
%o Ye the same a3 for the fixed sensor system, Although <2e goggles sllowed
full loog around capability <hals did not obviate the need 7or the roller map
display, because ihe pilot wearing the goggles oould not wsdertake the full
piioting and navigetion <ask over unknown terrain withou: assistance from the
second crew member who relied on the automatic up—date of the roller map
since he ocould not himsell see the outside world.

The flying undertaken with %he passive night visicn gaggles demonstrated
that they offer a viable altarnative solution to the aight piloting problem.
Although having a theoreticully Lower performance capabilisy than low light
television or forwardelooking infra~red they can be used down to comparable

lighting conditions, possible due %o their unity image magnification and the
ability to soan +the sceans.

Helmet Mfounted Display

The flight simuwlator trials demonstrated the feasibility of this type of system

for piloting a helicopter at low level. The main sdvantage of the system is
that it provides the pilet with a complete look-around capability, whers the
ares of coverege is dictated sclely by the plaiform freedom. In addition,
the night operating capability is determined by the platform mounted sensor,
which is not constirained by aperture size and unit weight in the same way as
the passive night goggles. Tre main human factors problem is that the image
is injected into one eye., This ceuses binocular rivalry which could

produce serious flight safety prodlems when operating at low level. It wasz
conciuded that the development of a biocular viewing system was mandatory if
the visually coupled system was to be oparationally viable. The trials also
demonstrated that overlay flight information on the image from the helmet
display was eszential if pilot disorientation wes to be prevented. The trials
also demonstrated that platform slew rates and accelerations were oritical

had
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in maintaining orientation and it was found that in order to preveat perceive
able lag behind pilot head mov.@ent,tho platform required an angular accelers~
tion of the order of 500 - 1000 per sacondé to reach a rate of 120° per
second., The system also had to be oritically demped to prevent over—shoot

or under—-shoot, When system lags were present, the pilot was forced 4o
reduce his Lead rotaticn rate to keep the platform in step, and this not only
added o the gwaeral task level, but prevented the pilot identifying targets
of opportunity. This problem was highlighted when flying at very low level,
sance small undetected descent rates could guickly ineresse whilst the

pilot was looking off track, resulting at best in largs uncontrolled collece
4ive inputs, and st worst in a crash.

Navigation was not a probdlem using the helmet display when a pre-planned
route was followed, and the way-point numdber, range 1o that way-point, and
tbe heading to steer wers presented on the overlay symbology, together with
the basic flight information. Unplanned navigation over essentially unknown
terrain was only possible a8 a two-crew operstion, since the pilot was unable
to read a map successfully with the lefi eye and relate this %o the outside
world image iz the right eye.

Aporosch and lendine Aid

One aspect which nas not been discussed hitherto in this paper, is the use of
an exiernal sensor as an approach and landing 2id, During the trials of the
systen Iitted to the Sea King it was found, shat an alternaiive approach
Sechnique nad 4o Te developed o prevant the runway disappessing out of 4iae
canere field of view, Normally during an approach she helicopier is flared
several degreet nome up %o wash rorward speed off. Without a 4ilting facility
on tre sensur this would mean that the landing zone was lo8% %o the pilot'sa
Tield of view. To prevent this the speed was washed off very slowly over a
longer distance during the approach phase so thaat attitude changes were
minimised. This kept the landing zone itself iz the ceatre of the sensor
field of view continuously. The hover and landing phase was found to be very
difficult initially using the two~dimeasional TV image. Pilots experienced
difficuldy in resolving the differsnce between forward movemen: descending or
pitching nese down. Similarly in azimuth it was diffiowlt to initially tell
the difference between a heading change and a latersal displacement. After
some flight experience each participating pilot found that it was possible to
land the aircraft safely with sole reference to the TV display.

This system concept has aroused considerable interest from a number of
commercial organisations, since it is seen as a viable approach and landing
ald for poor weather off-shore operations. The forward=looking infra-red
sensor has the ability to penetrate certain types of ses mist and fog.
Coupled with a heat source at the landing zone it may be feasible to use this
type of sensor to lower the weather minima for helicopters approaching and
landing on gas or oil rigs, Flight trials to investigate this system soncept
further will be carried out during 1981 using the Sea Xing helicopter with

its ocwrrently installed forward-looking infra~red sensor mounted on a panning
and tilting platformm.
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Introduction. The problem of helicopter wirestrikes has sxisted for mthy

years and has beez costly both in terms of military hardware and human
lives.
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The overhead wire Yeing a smooth linear filament is not detectable by
. conventional microwave radars and so other techniques must be ceonsidered.
In this paper three possible technigues will be described :

1. miMaWave .
2. Fazsive datection system
2. 702 laser systam
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nt statistics show that the hi~h dar~aze catezories and hence 208
ributable so collisions with ovarhaad zowar 2gbles since shase
est of all cables, A large effort has <heralore hean devoie
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Power 2a2les ars penerally of a wrapped sonsiruct
g sensile steel core surrounded bty aluminium ssrand
; as seen in Fig 1.
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One method of detection is to shize a high Irequency mm-wave radar cnto
the cable. In adidition to the specular return at nermal incidence there
will te returns at other angles when the rath length diffsrence hetween
gtrands {8 g multivls of half a wavelenzth, Fig 1 shows the principle at
| «~tand for whizh the returns are approximately 2C° apart. In zrincizle,
thereiore,it should be possible <o identifly a power cable using a patiern
B : recogrition algorithm which orerates on tisse secondary returns.

‘ ; Of paramount importance when considaring the feasibility of this system is
I L ; the magnitude of the seccndary returns., Fig 2 shows the radar cross
| section per metre as a function of incidence angle for a 2.86 ecm diameter
: British power cable. It is seen that the first grating returns occur at
'§ ! + 20° and are 15dB down on the main return. The second returns are about
| ! 2542 down and occur at + 43°,  Field trials carried out using an experim=
. ental C-band radar showed that the secondary returns were detectatle,
However, as might be expected, in view of t“e 20" svacing of returns the
K i overall oparation of the svstem was voor since for ranges one ~ight use-
’ fully amoloy (around 1 km) an insufficient lensih of =2able was visidle to
see all returns dus %o masking by trees stc, Indeed, at 1 km range the
' ) pylons themselves are only 2C7 avart,

; Howevar, with the =rincinle esta-lished more 3uccessful resulss ~ight bde _
. forthcoming at higher frequencies. Tor examnle in the 14CGHz window the f
: - returns are evsry 5 and in the 220GHz windew thev are 3” apart., In

The author is with the Royal Zignals and Radar Zstablish~ent, “alvern, 2
Worcestershire, England.
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‘ rotution of phases, Tiz & is a $rpical resuld, In this case
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nddition to the cloler spacing of secondary returns at kighor fr!quenciol, thero
is some evidence that the scattering from cables starts to become diffuse rather
than entirely specular. Fig 3 shows what cne might expect to see at 2203Hz at
1 km range on & C-scan radar display.

Fassive detecticn system

This technique uses the fact that many collisions are occcurring in peace time for
which the cables are live and current carrying,and so & vassive tochniquo nas
been developed to give warning of such cablas,

A study of the two fields surrouanding live cavles shows that there is a larger
energy density ia the magoetic field than in the electric field which together
with the ease of coupling this energy using a coil makes it an obvious clicice.

The fislds froem 3 nhase overhead lines are gquite complex, and their exact magni-
tude and range law depend strongly on the ohase rotations and balance between
phases, For axample in a perfectly balanced system at 5CCm range and with
identical phase rotations the horizental component of field is two orders of
pagrnitude larger than the vortical component and falls off as 1/R2, The vert-
ical component falls off as 1/R3.
For .a more realistic overhead line in which there is a thase unbalance ¢f random
the vertical cemp-
onent of field is larger than ‘hn karizontal goﬂoono"t and nlla off asg “./2 -
wharesas the horizontal fiald falls 2ff at 1 2° ag nefore, 130 shown in Tig 4
is o range of measured values a. 53.Cm giving an avarage flux :ansitj s *nl,

e';*e*nt.oan- suilegephy of zhe srasem L8 42 detect =he commosite vectsr fleld
Js.nrl- opthogenal calls and 2o uze she =agnivuie ol shis to srigger a shresheld
swisslh 4o ipdizase the proxdmisy of a *n:-e. Tae horizonsal compenens oI fleld
when 65 .u"fieians ﬁagnituae iz =hen used uo ifadiczate the Liltely diression of
the 340 ..
A block dimagram of she direction indicating system is shown in Fig 5. & horiz-

ontal fileld of 1aT (Fig 4) zives a resuliing 3'¥ ratle of typically 3Cd4Y,  The

two horizontally sensing coils produce sutputs proportional to B sin & and 3 cos

@, These ars then pre-amplil *ied and filiered using an sctiva filter cenired on

SOz with a bandwidsh of udz, and then reciiiisd using op-amp rectifiers having
inearity from Z.3aV to 10V rms. The two rasul

ting sign ls are applied %0 a
ratio /D cenverter having & outputs one of which will exclusively carry a

logical '1' depending on the ratio of th ¢ two signals i.e., degending on 4ne tan‘o
gent of the angle. The changeover angles Jor the ocutputs are © = 15, L5 and 75,

Unfortunately the same output will be energised Ior ¢ either +ve or -ve, which
would lead to quadrant ambiguity of flux direcsion., This may easily be removed
by reallising that the relative phases of the two. A=C signals depend on the sign
of the flux angle. One methed of phase comparison is to use a multiplisr follow-

ed by an open loop op-amp. The cutput will be a lcgicul level Accardinq to
whether the signals are in phase or out of phase,

This signal can then switch the ambiguous outouts of the 1/D converter ian the
gquadrant selector to drive the agrrcyriate seg*ent of the diswlay panel in
flight trials to date an evperivental system has given gocd direct ion -1*"ation

-

at ranges in excass of 50Cm wniza is adscuate for observatizn and claarance
manceusres.

Co2 laser detection system

The CCZ laser is attractive for the following reasons

i)  Small beamwidths in the order of 1 mrad can be achieved "from small apsrtures

tvoically 3 cms dia., resuliing in a large amount of “intercepted arergy even
by small wires.
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ii) Due to the surface roughness of wires compared to 10.§ am one can detect §§§

all types of wire and not simply power cables or cables having a regular
mechanical structure,

iii) Corpared to other laser wavelengths the atmospheric atienuation is low.
Por example at 300m visibility it is 16 dB/knm.

F iv) The technology is relatively advanced in terms of size, weight, efficiens;
ate, ' » '

v) The grstem is eyesate, at least for powars envisazed foy this systam,

. me meman

[ .
, The recent LOTAWS‘1> srogram first demenstrated the ability of a cca lasar %o
detect a fine wire, , : : .

‘The usual field of view requirerant for cable waraning is ¢0® in azimuth by 45°
elevation and since most cables are norizontal, and also to simplify caloulaticons

|+ & vertical scan format is proposed as shown in Fig 6. To determine the p.r.!,
of the laser one must determine two parameters - : ' ‘

i) The vertical scan spacing in azimuth shown as b @ in Tig 6.
il) The elevation scan density represented by the circles.

prreciated from a consideraticn of & “vpical dangerous situe-
_ ations  The usual requirement 18 that the pilot be given 1C sacs of warning ol
R : wires which uYsgether with typical flping speeds results in 2 warning dis<ance &f

dRes

The, firmer ls best ap
&

L o)
~
-~
-

Turning ¢ the problem of elevation scan density, intuitively one would sxrecs
this 2o be quite high so as not to miss any cahles. A detailed analvais of the
cumulative probavility of detesticn of a cable in cne veriical scan gives ihe

- test power/srobability compromise as 1 pulse avery transmisier beamwidth, L.e.

i the Z2eams overlap at their -3d3 peints,

| ~vuccm, ‘
; i Tig ¥ shows a pilot faced Yy two trees at tils minimum warning dissancs wish she
5 ; «raes sezaraied by twice the rotsr llameter,  Under normal sircumstances sas
B | pilet weuld mot hesisate in Ilying telwsen the lines,  Howswer, i e znew thas
B § a wire was strung betieen thenm he wou.d wish S aveld the area,  In order 9
| ' previde chls inferraticn we may pogtulate Shat i must be Sul b least three
Mo tizes s ¢ vercical scan every 1.5 azimuth. '
:
f
l‘
i

Thess wo parametars tomether with a preferred frave time of 1.5 secs, and a
0.5 mrad beamwidth gives a required laser p.r.f. of sround 10CkiHz,

The 2rime task ¢f the laser cable warning system is to successfully detect the
catle on a sufficient number of vertical scans that it can be identified as a
cable 1.2, either by an observer or automatically.

o
o o

j 1 | One may postulate that detecting b out of 5§ scans with a certaln probability ?

}11 (say) will resuld in identification and we may call this the vrobability of
Y0 identifization.

ki
7 Table 1 shows typical paramecers for wire detection. The tar~st is a I,.5mm
1 Coetdiameter Argy field wire having Iwerling 2 fading charactaristlics at an incidence
| angle ¢f 407,  The visidility is 2ICm arnd the warning sime is 10 secs, It =may
I

1+ be shown that for high probabilitiss of ldentificatisn requiring high single

10 pulae 3/ ratios, direct detection is more ¢fficient than hatercdyne detection,

1 & 0.399% drobability of identification %eing attainable with a b k¥ peak laser

1 powez. Teing a 100 ns pulse width giving 15m ranse resclution the nean power
ig 2&4,
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The processing and display will be similar to tho mm=wave systsm requiring a
pattern recoguition algorithm to identify the cables.
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Target

3:$mm army fieid wire

Fading characteristics

Swerling 2

Incidence angle

80°

Visibility

200 meters

Warning time

10 secs

Detection system

Direct detection & cold shield

Identification probability

0.9999

Peak power

4 kw

Mean power

6 w

Table 1 Laser parameters for cable warning
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Introduction A Doppler system used as N navigation aid for helicopters will

ABNORMAL BEHAVIOUR OF DOFPLER NAVIGATION SYSTEMS

Trevor Gray

normally provide navigational information with an errox of the order of 1% - 2% ,
of distance travelled when a good quality gyro magnetic compass s used, the &
error falling to well below 1% if (nertial quality heading can be provided,

It is not, however, with normal coaditions that this paper s concerued but
rather with an unusual condition which occurs only very occasicnally but which
cah produce very misleading information unless appropriate measures are
adopted, The main purpose of this paper is to publicise this effect which does
not appeaxr to be widely known, The effect is assoclated with flight over a
particular type of water surface and will now be examined,

Overation over Watsr Some increase [n error ls to be expected from a Doppler
system flying over water as compared with the same system flylng over land,
This is very well known and documented and there are three principal sources
of such errors, namely -
1.  Error due to the change of backscattering coefficient as iacidence angle

ls changed,

2,  Error due to the apparent movement of the water surface, this being wind
induced,

3.  Errors due to bulk movement of the water promoted by tidal flow,

There are many approaches to the reduction of these errors involving automatic
and manual methods but it Is not the concern of this paper to describe these
agaln since most have already been adequately treated in the literature.

There |s, however, a type of water sberration which has not, so far as the i
Author |s sware been hitherto described, This has been lnformally referred to X
a8 "Medeterranean Sea Effect"” since it was fArst noted off the south coast of 3
France and ls an extreme cass of the error due to backscatter change,

In order to explain the origin of this effect It s first necessary to examine the
character of the error as normally experienced, 3

It is well known that the energy scattered back from land is relatively
independent of the incidence angle over a fairly wide lncidence angle range,

Trevor Gray is with Racal-Decca Navigator Limited, Hexrsham,




Over water however, i{tls found In general that the calmer the water the more rapidly
does backscatter increass as the {ncidence angle approaches the normal.

The curves usually considered as accurate indicate that over calm water, the

backscattered enexgy changes at & rate of up to 1, 2 db/degree of lacidence change
whereas over rough water the figure is about one half of this value, The effect of
this is to enhance the signals from the stesper part of the beam thus ezhancing the

»  lower doppler frequencies and so distorting the spectrum and leading to an underread

of velocity,

This underread can be corrected by a number of known methods and no problem arises
provided the signal recelved by the main beam is the only, or at least the dominant
signal in the receiver passhand, S

Antenny Design Criteria In oxder to ensure that this criterion ls observed, it is
customary to design the anteana radiation pattern such that the maln bearn signal
{5 always greater than any side lobe signal, account being taken of the backscatter
value in the direction of sach lobe,

Since the normally accepted value for the maximum change of backscatter with
incidence angle is about 1.2 db per degree over calm water and assuming a doppler
main beam odepresslon angle of 67", it ls clear that the rise ln backscattered signal
between 57 and the vertical |,e, 90" position will be 1,2 x (50 - 67) = 27,6 db,
The two way side lobe suppression must therelfore axceed this value and would
usually be set, In a prudent design, at about ~¢5 db,

The "Mediterranean Sea' Effect Such a system operatesy enurely satisfactorily
over most surfaces but in certain isolated geographical areas an abnormality occurs,
This was first noted in the Med lterranean sea off the south coast of France when
lavestigations and measurements showed that there was a sigial present cue to an
antenna side lobe which signal exceeded the main beam signal by 6 db.

Slnce the side lobe (two way) was -45 db with respaect to the main beam and situated
16 degrees from it, it would be natural to expect that the side lobe signal would be
at *45 + (1.2 x 16) w =25, 8 db with respect to the main beam signal, There was thus
an unexpected enhancement amounting to 28.8 + 6 db = 32 db or 2 db per degree,

The inescapable conclusion to be drawn from thlis (s that over the angular range
considered the rate of change of the scattering coefficlent was at least 3.2 db/degree,
In fact, it is clear [rom a study of the recorded spectra that the law ls normal over
the angular range 67 degrees to 72 degrees but then becomes markedly steeper sn
that over the range between 72 degrees and 83 degrees the rate of change is no less
than 4.5 db per degree,

Since it is usual to design a system so that the tracker locks to the largest signal
in the passband, it s clear that a false spectrum as described could provide
substantial and undetected errors.

The water surface which glves rise to this phenomenon consists of a long wavelength
swell with capillary waves superimposed the two patterns being more or less
orthogonal. It is not, therefore, a calm sea phenomenon.




No explanation for the behaviour has beea derived but it seems possible that over a

certain limited angular range, the water surface forms a series of geometric shapes
which behave similarly to corner reflectors,

Although this effect was Arst noted off the south coast of France [t has also been
noted ln the Stockholm Axchipelago and in an area off the coast of Japan, It s
virtually cexrtain thet it i5 also to be found elsewhere,

The method of overcuming the effece will depend on the detalls of the equipment
concerned but substantial improvement of sidelobes at the sxpense of some beamwidth
increase represents a good startng point in most cases,
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THE RCTCR SLAJE RADAR AS A NAVIGATICN AND APFROACH AID

J RC3IRS

.

A ground mapping radar has useful propertiss as an aid to overland
navigation and landing site approach. Operaticn is largely independens
of light level and weather, and the system is commletely self-contained.
For satisfactory and reliable operation howsver the radar must produce a
map of sufficient resclution to snable the pilot easily to recognise and
identify common features such as woocds, roads, railways, rivers snd field
boundaries.

Sufficient range resolution is obtained fairly readily bty using a short
duration pulse, but asimuth resclution relies upon & narrow beamwidsh,
requiring a horizontal serial aperiure 52 many wavelsngins.,  Tar axamnle,
to matoh the range resalution of a 57 nsec pulss (.5 m% at & sanga of 1 kn

requires an azimuth teamviith of 7.5 meud, or alous 2.4 Tor o reason-

.
ably tapersd distriousicn this implies an arerturs of ajsout 130 wavalengtins.
o aceymmedate this in a traditional fusalage-msuncad azanner would necess-
itate a very high radar Irequensy (535 3z for T8 m for anammiel, Tus saare
{s avallable on a neliccmtar Shne much wider Jdimanaiasn 38 4ns saix wasan
ocades, conveniantly spinmning in She azimush sians, and 47 <nis i3 whiillzed

then a lower, mefe scnventisnel frejuenc: zan he used,

At RIRIT an experimensal rotor blade radar has been installed azd flown in a
Wesaex nellcopter.  llsarly the mmler sechnizal rablem is in 4he incorpor=
acticn of the aerial into Sie main rotar bSlade. ~he galution Sinally
adopted is sketched in Tigure 1, The antenna is a 4 m slotted I-sand
wavegulde array radlating Sarough She Srailing edre which is consiructed of
glass/resin skins and a vaper honevcenm: cors, The aerial is sizuased at
the inboard end of the Slade and is fed via secticns =f flexidbles and rigid
wavaguide Trom a rotating Joint housed in an asse~tiy on “he rotcr hub., 4
wavegulde connection is made from the othar port of the rotating joint to
the radar via the hollow drive shaft cf the main gearbox. The assemdbly
also contains a digital shaft encoder to measure rotor position and there-
fore aerial pointing anzle.

The method of antenna construction leaves the blade wvrofile uraffected, and
in the particular case of the '/essex the blade weight and talance is un-
changed (but it does not follow sha: t“is can be achieved with any helico~
pter blade). The pitch angle of the blade is of couran always tositive,
and varies cyclically in translastional flight., 7o achieve renscnably
uniform coverare the pesk of she -eam in #dsvation is deflectad urvards by
foil reflectors in the skins, narrcw in the 1over surface ard wids in the
lower, /ires are a’sc emtaided in the skins to improve the maszch at She
dislectric/air interfmce. Tigure 2 shows tha ac-iaved radiatisn zatterns,

The mein characteristics of the aexipl are !=

D Rogers is with ths iirborne Rader Group &t the loyal Signals and
Redar IZstablishment, Maiverz,
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Length

m
Azimuth beamvidth o.g"
Tlevation bhearwidth
Gain 31-5
Rotation “ata 1300 /aec

The radar is installed in and controlled from a console in the main cabin of tze
helicopter, bubt an additional display is ins=alled in the instrument panel of
the left nand pilot's vosition, The dismlavs use diraect view storage tubes

giving & green picture bright encugh for easy viewing in daylight. The main
parameters of the radar are !

Trequency l=band

Feak Power 80 kW

Pulsewidth 50 nsec, 100 nsec
?.r-f. - 6 kﬁz, 10 kHZp 20 kHz

Display Scal 0.5 km/radius to 10 km/radius

The relatively high per.f.'s are necessary not only to keep up the magnetron
duty cycle and therefore the mean power, but also to ansure a reascnadle number
of hits on an individual target, since the narrow beamwidth and nigh scan rate
immoss & iwell tinme on target of only abous C.5 msec, This short dwall time
al3o sets a linis o the radar's maximum sanre, since, whan tha Sransait=to=-
recelve time incerval becomes a significant fraction of She dwell “ima, 4he
sransals and recelve Leams cease 12 ts 20- -incident, Thl 'scanniaz ~sas"
amounts o atous ¥ 43 at 48 km range, and b 33 at 35 um, ueh shtrnar sanzes
than =als ncwever are adeguate fopr en-rousa navization and anprsach purvoses,
and i sracsice i< .s found Sias range a:;--s a8 2 km/radivs and 3 limradius
T8 Sha most gensrally useful,

The svystam has been flown cver a varisty of serrains, incluidirg »ural and urban
areas, and coast:;“os. The mos: 8% ik‘rs "1tur9 of the radar over rurel Lerr-
ain s sne clarity of the field patserns; this is to be exvected since tho
dominant uvstanding tarsets over open coun*rvsido ars the Hedxa: and trees of ihe
field bouudaries. Wwads, rti;v:vs and rivers are reatily identir ed. amin
srimarily wecause 2f the grewth alongside t-em, Jince fisld boundaries are unt
USUALLY skown on & Survey mad, scve sractice is necessary $o relats it readily ¢o
the raar piciure, but the art is qu‘ckly azquired, and on & numdber of exercisas
using different subftcts sre-rnlanned routes were flown with very little dilficulty.

Siven an identifiable landing site (and by its nature it usually is readily ident-
ifiable) approach is very straightforward; the shertest range scals, with the
origin offset to the bottom of the disvlay, gives a picture of the sround te 1 knm
in front of the aircraft, allowing the pilot eaasily to aprwroach to a few hundred
metres of his landing peint. Height of ccurse is not directly given, and an
altimeter of some sort is necessary to define a glide path.

sonclusions. The rotor blade radar sxveriment has successfully deronsirated
that & mapping radar of a reasonably high resolution is a very useful navigation
and aprrvach aid o & helicopter flying in conditions =f poor visibilisy., Th

use of the main rcitor blade to carry the aerial enablas sufficient rasolution %o
te ottained; while it is nos easi.y incopvcrated into ax existing tlade design,
it sroubd be relatively strn.g1tfcrwnrd to include it in the intecrazed deasign of
a new blade (not necessarily far a new helicopter) if the prtontiu‘ market, civil
and milisary, should prove sufficiant %o ‘uatifj it. Vo detailad estinates of
the likely costs ¢f develooment and manufaciure have vet teen underisiien, but i
is likely that s price will be Zfairly high: it romains the pase however that tie
centimesre radar is the only current self-contained technique whose performance is
largely indevendsant of weather and visibillty conditions,.
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